Simonsenia delognei is a diatom species which is relatively rarely recorded, but apparently widespread in Europe and other continents. This taxon has recently been discovered for the first time in springs of Central Poland, where it was found to occur abundantly. Somewhat later this species has also been identified and photographed in samples from the Eagean Region in Turkey. Light and electron microscopic studies were carried out on S. delognei populations from the Quaternary spring located near Łódź (Central Poland) and from the Porsuk and Felent Rivers * Corresponding author: witkowsk@univ.szczecin.pl and a spring in the Türkmen Mountains in Kütahya and Havuzdere Stream in Yalova (NW Turkey). Morphological studies were accompanied by environmental measurements and determination of changes in the seasonal distribution of S. delognei in a key area, i.e. the Porzeczkowe spring in Central Poland, which are included in the present study. Identification of S. delognei under a light microscope is difficult and hence an electron microscope is required for accurate taxonomic identification.
INTRODUCTION
The diatom genus Simonsenia was established by Lange-Bertalot (1979) to accommodate species "that are morphologically intermediate between Nitzschia Hassall and Surirella Turpin". Originally Simonsenia included only one species i.e. Simonsenia delognei (Grunow) Lange-Bertalot. Later, described the second species, S. delicatula. More recently Lange-Bertalot & Krammer (1993) described another taxon as a subspecies rossii in S. delognei.
S. delognei was apparently overlooked or misidentified in the past. Routine application of electron microscopy (Lange-Bertalot 1979 has accelerated the records of S. delognei in various parts of the world. A survey of the literature indicates that S. delognei has a world-wide distribution. It is known from Europe (e.g. Krammer & Lange-Bertalot 1997 , Wojtal 2002 , Werum & Lange-Bertalot 2004 , Russia , Kulikovskiy 2008 , Lake Høvsgøl in Mongolia , Turkey (Sıvacı et al. 2008) , South Africa (Cholnoky 1954, as Nitzschia chasei) , North Africa (LangeBertalot personal communication), Australia , and North America (Hay et al. 1997 (Hay et al. , 2000 Mize & Deacon 2001; Potapova & Charles 2003) .
The autecology of S. delognei has been the subject of a few, recent studies. According to Krammer & Lange-Bertalot (1997) , S. delognei is found primarily in freshwater but has a broad tolerance to conductivity. It occurs in waters varying in the electrolyte content, from freshwater with moderate or high conductivity to slightly saline waters. In light of previous publications (Krammer & Lange-Bertalot 1997 , Wojtal 2002 , Werum & Lange-Bertalot 2004 , Hofmann et al. 2011 , and the most comprehensive study on the ecology of diatoms found in the rivers of the United States (Potapova & Charles 2003) , S. delognei appears as a species tolerant to water pollution.
Prior to our study, Simonsenia delognei was reported only in Poland by Wojtal (2002) from the Kraków-Częstochowa Upland. In other cases it was either overlooked or misidentified in the literature on the Polish diatom flora. Recently the species was also identified in other locations of the Kraków-Częstochowa Upland (Wojtal 2009 ), in other springs in Central Poland (Żelazna-Wieczorek 2011) and in many small rivers and streams in Southeastern Poland (Pajączek et al. 2012; Noga et al. 2013 Noga et al. , 2014 . For Turkey, this taxon has recently been found by Sıvacı et al. 2008 from Sarıkum Lagoon. The present study shows that S. delognei occurs frequently in some springs of Central Poland, and is commonly found in the Aegean Region of Turkey. The study also provides detailed information on the morphology and seasonal distribution of S. delognei in Central Poland.
STUDY AREA
The material from Poland presented in this study was collected once a month from the Porzeczkowe spring (Fig. 1A 
MATERIALS AND METHODS
Samples from the Porzeczkowe spring were collected from the sandy substrate and samples from the Turkish springs and rivers − from the sandy muddy substrate and as rock scrapings, and were fixed directly in the field in 4% formaldehyde solution. Samples were cleaned by boiling in 10% HCl in order to remove carbonates, then washed several times with distilled water. Afterwards they were kept for three days in H2Cr2O7 and then washed several times with distilled water, dried onto cover glasses and mounted in Naphrax® (PhycoTech, Benton Harbor, MI, USA Under LM, nitzschioid frustules in girdle views were rectangular with somewhat rounded corners. Lanceolate valves with more or less acute, protracted apices, 8.82-15.68 μm long, 1.20-1.96 μm broad (n=300). Transapical costae 19-21 in 10 μm, the costae being separated by transapical striae (Figs 2a-i) . For Turkish samples, the length of valves ranged within 11.5-17.2 µm and width − within 2.0-2.2 µm (n=10) with 17-20 transapical costae in 10 µm (Figs 2j-q). The metric data on S. delognei given by Krammer & Lange-Bertalot (1997) are: 8-15 μm valve length, 1.6-2.0 valve width and the number of transapical costae 16-22 in 10 μm.
Under SEM (Figs 2r-x, 3a-k), the valve exterior showed rectangular frustules in girdle view with a girdle composed of perforated bands (Fig. 3f, g ). Each girdle band bears a single row of puncta (Fig.  3g) . The valve face is slightly arched with an undulating surface (Figs 2r-z, 3j ). Relatively robust transapical costae form elevations that are separated by shallow transapical striae depressions. Each costa is separated by 2-3 transapical rows of areolae (Figs 2s-z, 3a-c), ca. 70-80 in 10 μm. Areolae are arranged in a quincunx pattern. A keel occurs along one side of each valve (Figs 2w, x) . The keel bears the raphe canal. The central nodule is absent (Figs 2y, z) , the raphe external apical endings are simple, bent in the same direction and terminate into a small groove (Figs 2x, 2y, 3c ). The keel is raised above the valve surface on the portulae (Figs 3f, j) . The portulae are separated by fenestrae (Figs 2w-z, 3h-j) . Between each portula one or two fenestral bars occur, which traverse the fenestral opening between the portulae (Figs 3b, c) .
The valve interior is flat with indistinct undulations, bearing a keeled raphe on one side and a very shallow mantle on the opposite side (Figs 3d-g,  k) . The undulations are formed by transapical costae and depressions (Figs 3e, g ). The costae are solid and elevated above the valve interior separated by depressions with two-three rows of fine areolae. The raphe canal is separated from the valve interior by the broad perforated fibulae. The valve internal Fig. d) , the external view of portulae (arrow 1 in Fig. e) and the external fenestral bars that traverse fenestrae (arrow 2 in Fig. e) . Fig. g . Specimen with a fragment of the girdle. Note the girdle band with a single row of puncta (arrow). Fig. k . Internal view of the whole specimen showing regularly distributed openings of portulae and perforated fibulae surface is perforated by small circular portulae (Fig.  3k) . The raphe terminates at the apices in a small helictoglossa (Fig. 3f) .
Environmental conditions
Over the studied period, the relative abundance of S. delognei ranged from ca. 1% to 47%. No apparent pattern of temporal distribution was observed. The highest abundance values were recorded during the winter months (particularly in February). The other diatom species occurring with high percentage in these samples included: Sellaphora pupula (Kützing) Mereschkowsky, Nitzschia linearis (Agardh ex W. Smith) W. Smith, and N. constricta (Kützing) Ralfs. Values of the main environmental variables, including temperature, pH and conductivity are presented in Figure 4 . Temperature and pH were fairly stable throughout the two-year sampling period. The highest temperature values were measured in September and the lowest ones in March. A similar pattern was observed in the case of conductivity, although a clear decrease was measured in June 2004, followed by an increase in July. After July, the conductivity was measured at its former, stable levels.
In Turkish samples, S. delognei was observed as very rare in springs and streams in the Kütahya Province. Over the studied period, the relative abundance of the species was below 1%. It occurred more abundantly in the Porsuk and Felent rivers (conductivity was 665 and 913 μS cm -1 respectively), which were polluted with domestic wastes much more than springs in the Türkmen Mountains, characterized by conductivity ranging from 478 to 541 μS cm -1 in the summer season.
DISCUSSION
Nitzschia delognei was placed by Grunow in the section Nitzschiae Lanceolatae (e.g. Van Heurck 1896). Since then, the taxon has not been identified outside the type locality (Lange-Bertalot 1979) and was only included on the De Toni diatom list (1892). Kuntze (1898) (temperature, pH, conductivity) in the Porzeczkowe Spring (see Fig. 1 ) during the study period Simonsenia. This was justified by the fact that the species was morphologically intermediate between Nitzschia and Surirella.
In general the genus is thought to be monotypic (e.g. Lange-Bertalot 1979 , Fourtanier & Kociolek 1999 . However, described S. delicatula Mikhailov & Makarova as the second species in the genus. This species is not included in the recent floras of Europe or elsewhere (e.g. Krammer & Lange-Bertalot 1997) . Simonsenia delicatula has lanceolate valves with more or less acute, slightly protracted apices, 12-22 μm long, 2.0-2.5 μm broad. The valve face with 18-20 transapical costae (fenestral bars) in 10 μm, the costae being separated by transapical striae. The difference between S. delognei and S. delicatula was possible to observe only under electron microscopes (SEM and TEM) and bifurcated costae present in the latter species were the only differentiating feature . As evidenced by Lange-Bertalot (1977 , Simonsenia (Nitzschia) delognei has been a forgotten species for a long time. The protologue refers only to the type localityundetermined water habitat in Brussels, Belgium (c.f. Hustedt (Hustedt in Brendemühl 1949) and Nitzschia chasei (Cholnoky 1954) suggest that these species belong to S. delongei, indicating it has a broader distribution than previously realized. Other studies of Lange-Bertalot (personal communication) revealed that S. delognei is widespread in Europe (e.g. France, Germany, Italy), and later it was found to occur worldwide e.g. Ludes & Coste 1996; Hay et al. 1997 Hay et al. , 2000 Sonneman et al. 2001; Wojtal 2001 Wojtal , 2002 Wojtal , 2009 Potapova & Charles 2003; Werum & LangeBertalot 2004; Kelly et al. 2005; Genkal et al. 2006; Kulikovskiy 2008; Pajączek et al. 2012) . The most favorable habitat of Simonsenia can be characterized as either riverine supralittoral or spring waters as shown in our study, meaning the taxon has a tendency to inhabit exposed habitats regardless of their geographic locality. The autecology of S. delognei has so far been studied in Europe (Lange-Bertalot 1977 Żelazna-Wieczorek 2011) and in North America (Canada, Hay et al. 1997 Hay et al. , 2000 United States, Potapova & Charles 2003) . Simonsenia delognei is a species preferring waters of a moderate electrolyte content and circumneutral pH (ranging from ca. 7.0 to 7.5). Our results on electric conductivity are similar to those obtained by Potapova & Charles (2003) . The occurrence of Simonsenia delognei in springs of Central Poland was positively affected by potassium and ammonium concentration (Żelazna-Wieczorek 2011). Figure 5 shows the distribution of Simonsenia species in the world. The worldwide distribution of Simonsenia is based on published data and on our reinterpretation of previous identifications (e.g. 
Lange-Bertalot 1979). Evaluation of Nitzschia atomus

Biogeography
